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Abstract
Objective:  To  study  the  impact  of  educational  activities  on  the  rates  and  frequencies
of  percutaneous  injuries  (PIs)  at  a  tertiary  care  hospital  in  Saudi  Arabia.
Methods:  PI  surveillance  is  a  routine  activity  in  King  Abdulaziz  Medical  City  (a  900-
bed  teaching  tertiary  health  care  hospital)  in  Riyadh  using  the  Exposure  Prevention
Information  Network  (EPINet)  data  collection  tool.  From  2001  through  2003,  edu-
cational  activities  were  conducted  for  health  care  workers  (HCWs)  to  prevent  PIs.
The  education  included  lectures  on  the  risk  of  unsafe  practices  that  may  lead  to  PIs
and  how  to  avoid  them.  Data  from  before  (1997—2000)  and  after  (2004—2008)  the
intervention  were  imported  from  our  surveillance  system  and  statistically  analyzed.
Results:  The  total  overall  rate  of  PIs  per  1000  HCWs  was  signiﬁcantly  lower  in  the
post-intervention  period  than  in  the  pre-intervention  period  (14  vs.  32.8/1000  HCWs,
respectively).  The  rates  of  PIs  among  nurses  and  housekeepers  showed  a  signiﬁcant
decrease  (15  vs.  37.6/1000  HCWs  and  10  vs.  34.5/1000  HCWs,  respectively).  The
frequency  of  PIs  in  the  emergency  department  (ED)  and  intensive  care  units  (ICUs)
showed  a  signiﬁcant  decrease  (3.4%  for  both  vs.  12.4%  and  13.7%,  respectively).  PIs
associated  with  devices,  such  as  needles  on  IV  lines,  IV  catheters,  lancets  and  suture
needles,  showed  a  signiﬁcant  decrease.  PIs  occurring  during  device  disassembly  and
from  inappropriately  discarded  devices  also  decreased  signiﬁcantly.
∗ Corresponding author at: Infection Prevention and Control Department — 2134, King Saud Bin Abdulaziz University for Health
ciences, National Guard Health Affairs, PO Box 22490, Riyadh 11426, Saudi Arabia. Tel.: +966 12520088x43720/13250;
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Conclusion:  The  educational  program  reduced  some  categories  of  PIs,  including  the
overall  rate,  the  rate  among  nurses  and  housekeepers,  the  frequency  in  the  ED  and
ICUs  and  the  frequency  among  needles  on  IV  lines,  IV  catheters,  lancets  and  suture
needles.  Other  PI  categories  did  not  change  signiﬁcantly.
dulaziz  University  for  Health  Sciences.  Published  by  Elsevier
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of transmission  for  each  pathogen,  ﬁrst  aid  and
employee  immune  status.  The  program  was  tailored
to each  unit  to  address  speciﬁc  unsafe  practices©  2012  King  Saud  Bin  Ab
Ltd.  All  rights  reserved.
Introduction
Percutaneous  injuries  (PIs)  are  a  potential  mode
of transmission  of  blood-borne  pathogens,  such  as
hepatitis B  virus  (HBV),  hepatitis  C  virus  (HCV)  and
human immunodeﬁciency  virus  (HIV),  to  health-
care  workers  (HCWs).  Such  injuries  can  occur  in
any department  of  a  healthcare  facility,  and  they
represent  a  major  challenge  in  hospitals,  even  in
developed countries  [1—5].  According  to  the  Cen-
ters for  Disease  Control  and  Prevention  (CDC),  up  to
800,000 PIs  occur  annually  in  US  hospitals,  with  a
rate of  approximately  27  PIs  per  100  daily  occupied
beds in  teaching  hospitals  [6—9].  The  World  Health
Organization  (WHO)  estimates  that  one  in  every
10 HCWs  sustains  a  needle  stick  injury  each  year,
and 90%  of  healthcare-associated  infections  (HAIs)
from sharp  injuries  occur  in  developing  countries
[10—15].
Multiple studies  have  reported  a  decrease  in
PI rates  after  the  implementation  of  a  variety
of approaches,  including  HCW  education.  Other
studies  have  found  that  education  is  an  essential
component of  every  intervention  and  can  be  effec-
tive on  its  own  [16—21].
The  infection  prevention  and  control  depart-
ment at  King  Abdulaziz  Medical  City  (KAMC),
National Guard  Health  Affairs  (NGHA)  in  Riyadh,
Saudi  Arabia,  conducted  an  educational  program
between  2001  and  2003  with  the  goal  of  preventing
PIs among  HCWs.  The  program  addressed  the  risk
factors and  unsafe  practices  that  contribute  to  PIs
and how  to  avoid  them.  Our  study  was  conducted
to assess  the  impact  of  this  program  on  PI  rates  and
frequencies.
Methods
PopulationKing  Abdulaziz  Medical  City  in  Riyadh  is  a major  900-
bed teaching  tertiary  care  and  referral  hospital  that
t
e
(rovides  services  to  Saudi  National  Guard  soldiers
nd employees  and  their  families.  The  average  daily
ensus of  occupied  beds  during  the  study  period
as 640.  Medical  services  include  all  general  spe-
ialties and  oncology,  solid  organ  and  stem  cell
ransplant,  a specialized  burn  ICU,  cardiac  surgery
nd neonatal  intensive  care.  PI  surveillance  is  an
ngoing activity  in  our  facility  using  the  Exposure
revention Information  Network  (EPINet)  data  col-
ection tool  (1997)  [22].  The  total  number  of  HCWs
mployed  per  year  during  the  two  study  periods  was
btained  from  the  annual  hospital  statistical  cen-
us. According  to  hospital  policy,  any  HCW  affected
y a  needle  stick  or  sharp  injury  should  receive
he recommended  ﬁrst  aid  and  follow-up  manage-
ent  at  the  Employee  Health  Clinic  (EHC)  during
ormal  working  hours  or  at  the  ED  after  hours
nd on  weekends.  The  infection  control  staff  col-
ects data  related  to  the  injury  using  the  Exposure
revention Information  Network  (EPINet)  data  col-
ection form,  which  includes  job  category,  location
here  the  injury  occurred,  the  type  of  device  caus-
ng the  injury  and  the  activity  associated  with  its
ccurrence.  Data  were  regularly  entered  into  the
omputer  system.  During  the  two  periods  of  the
tudy, no  safety  devices  were  used  in  our  hospital.
tudy design
ur  study  is a  prospective  surveillance  and  inter-
entional  study  in  which  data  were  collected
nd analyzed.  An  intensive  infection  control  edu-
ational  program  aimed  at  preventing  PIs  was
mplemented  from  2001  through  2003  (Table  1).
his program  included  educational  activities  about
he risk  factors  contributing  to  PIs,  the  needles
nd sharp  devices  involved  in  the  relative  riskhat may  lead  to  PIs  in  high-risk  locations.  For  new
mployees,  a  pre-employment  educational  session
2-h presentation)  was  conducted  by  the  infection
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Table  1  Infection  control  educational  sessions  conducted  during  2001—2003  at  KAMC-R.
Educational  sessions  Number  of  sessions
2001 2002  2003
Doctors  (interns,  residents,  fellows  and  attendings) 3 3  3
Nurses 6 6 6
Pre-employment  orientation  (all  staff)  24  23  23
Meetings  with  infection  control  monitors  12  12  12
Interactive  practical  sessions
Patient  rooms/wards  46  44  46
ED  6  6  6
ICU  6  6  6
OR 4 4 4
Laboratory 4  4  4
Physiotherapy  3  3  3
Laundry,  CSSD  and  distribution  3  3  3
Food  and  nutrition  3  3  3
Outpatient  clinics  3  3  3
Home  care  2  2  2
Housekeeping  2  2  2
Maintenance  department  2  2  2
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central sterilizing services department.
ontrol  department.  For  onboard  staff,  scheduled
essions (1-h  presentations)  were  conducted  on
 regular  basis.  In  addition,  interactive  practical
essions using  sharps  (1  h  each)  were  adopted  to
einforce  safe  practices.  A  special  infection  con-
rol course  (one  full  day)  was  organized  to  prepare
esignated HCWs  who  would  ﬁll  in-charge  posi-
ions in  various  clinical  areas.  These  HCWs  were
hosen  from  the  nursing  staff,  paramedics,  sup-
ort services  and  senior  residents  by  their  home
epartments.  Many  of  these  HCWs  were  nominated
o monitor  PIs  in  their  respective  units.  Monthly
eetings were  conducted  to  solicit  feedback  and
o resolve  ongoing  issues  and  concerns.  In  addi-
ion,  a  PI  prevention  week  was  observed  annually  in
001, 2002  and  2003,  during  which  workshops  on  PIs
ere conducted,  in-service  lectures  were  delivered
y members  of  the  infection  control  department;
yer and  poster  competitions  were  arranged  and  a
‘PI message  of  the  month’’  was  disseminated  by
lectronic mail  to  all  of  the  hospital  employees.
ore than  90%  of  our  HCWs  were  covered  by  this
ducational  program  during  the  three-year  period.
ducation  was  subsequently  continued  in  the  form
f pre-employment  orientation  for  new  hires  and  an
nnual single  refresher  course  for  the  entire  insti-
ution.tatistical methods
or  the  purpose  of  this  study,  PI  data  for  each
ear during  the  pre-intervention  (1997—2000)  and
i
d
irtment; ICU, intensive care unit; OR, operating room; CSSD,
he  post-intervention  (2004—2008)  periods  were
mported  from  the  computerized  surveillance  sys-
em and  analyzed  using  SPSS  statistical  software
23]. PI  rates  were  calculated  by  dividing  the
otal number  of  PIs  reported  at  KAMC  in  a  certain
ear/years (numerator)  by  the  number  of  HCWs  at
AMC during  the  same  period  (denominator).  The
ates and  frequencies  of  PIs  during  the  two  peri-
ds were  compared  using  a Chi-square  test.  All  of
he P-values  were  two-tailed.  A  P-value  <0.05  was
onsidered  to  be  signiﬁcant.
esults
 total  of  364  PIs  were  reported  during  the
re-intervention  period  (1997—2000)  compared
ith 358  PIs  during  the  post-intervention  period
2004—2008). Nurses  sustained  the  highest  fre-
uency  of  PIs  in  both  periods  of  the  study,  followed
y physicians  (204  and  69,  respectively,  for  the
997—2000  period  and  189  and  66,  respectively,
or the  2004—2008  period).  Despite  an  increase
n the  total  number  of  HCWs  from  11,093  dur-
ng 1997—2000  to  25,027  during  2004—2008,  the
umber  of  reported  PIs  decreased.  The  overall
I rate  of  32.8/1000  HCWs  during  the  1997—2000
eriod dropped  signiﬁcantly  to  14/1000  HCWs  dur-
ng 2004—2008.
The PI  rates  per  1000  HCWs  by  job  category
uring the  2  periods  of  the  study  are  shown
n Table  2.  The  PI  rates  among  nurses  and
300  K.  El  Beltagy  et  al.
Table  2  PIs  rates  per  1000  HCWs  by  job  category  at  KAMC-R  in  2004—2008  compared  with  1997—2000.
1997—2000  2004—2008  P-value
HCWs  PIs  Rate/1000  HCWs  HCWs  PIs  Rate/1000  HCWs
Physicians 2726  69  25.3  2243  66  29.0  0.376
Nurses 5422 204 37.6  12,532 189 15.0  <0.001
Respiratory  therapists 223 11 49.3  543 18 33.0  0.297
Phlebotomists  242  12  49.6  236  11  47.0  0.883
Medical  technologists  746  13  17.4  667  12  18.0  0.935
Housekeepers  695  24  34.5  1600  16  10.0  <0.001
Other  jobs  1039  31  29.8  7206  46  6.0  <0.001
Total  11,093  364  32.8  25,027  358  14.0  <0.001
King 
6
o
f
a
w
P
r
r
p
n
i
d
T
a
s
1
D
P
m
i
ﬁ
d
b
c
n
c
b
c
r
p
hPIs, percutaneous injuries; HCW, healthcare worker; KAMC-R, 
housekeepers  showed  a  signiﬁcant  decrease  in  the
2004—2008  period  compared  with  the  1997—2000
period (15  vs.  37.6  for  nurses  and  10  vs.  34.5
for housekeepers)  (P  < 0.05).  Furthermore,  the  PI
rates among  phlebotomists  and  respiratory  thera-
pists, which  represented  the  highest  rates  in  the
2 periods  of  the  study,  declined  (47  vs.  49.6  and
33 vs.  49.3/1000  HCWs,  respectively).  However,
neither of  these  differences  was  statistically  signif-
icant. There  were  no  signiﬁcant  changes  in  the  PI
rates among  physicians  and  medical  technologists
in 2004—2008  compared  with  1997—2000  (P  > 0.05).
The frequency  of  PIs  in  2004—2008  compared
with 1997—2000  by  location  of  occurrence,  type  of
sharp device  and  HCW  activity  is  shown  in  Table  3.
There was  a  signiﬁcant  decrease  in  PI  frequency
in both  the  ED  (3.4%  vs.  12.4%)  and  the  ICU  (3.4%
vs. 13.7%).  In  contrast,  no  signiﬁcant  changes  were
observed  in  the  frequency  of  PIs  between  the  two
periods  for  the  ORs,  outpatient  clinics  and  clinical
laboratories  (P  >  0.05).  However,  there  was  a sig-
niﬁcant increase  in  PI  frequency  in  patient  rooms
in 2004—2008  compared  with  1997—2000  (50.6%  vs.
27.5%, respectively;  P  <  0.05).
Regarding  the  type  of  sharp  device,  PIs  from  nee-
dles on  IV  lines,  IV  catheters,  lancets  and  suture
needles  showed  a  signiﬁcant  decrease  in  2004—2008
compared  with  1997—2000  (1.4%  vs.  4.3%,  0.8%  vs.
9.3%, 1.4%  vs.  11%  and  2.8%  vs.  8.5%,  respectively).
In addition,  PIs  from  other  devices,  such  as  winged
steel needle  IV  sets  and  scalpels,  showed  a  decrease
in frequency,  but  this  decrease  was  not  signiﬁcant
(P > 0.05).  In  contrast,  PIs  from  disposable  syringes,
the most  frequent  type  in  both  studied  periods,
showed a  non-signiﬁcant  change  during  2004—2008
compared  with  1997—2000  (P  >  0.05).Regarding  HCW  activity,  PIs  from  disassembling
sharp devices  and  from  inappropriately  disposed
devices showed  a  signiﬁcant  decrease  during
2004—2008 compared  with  1997—2000  (1.9%  vs.
r
i
s
mAbdulaziz Medical City Riyadh.
.3%  and  5.9%  vs.12.4%,  respectively;  P  < 0.05).  PIs
ccurring during  the  use  of  sharp  items,  the  most
requent  event  in  both  studied  periods,  showed
n insigniﬁcant  drop  during  2004—2008  compared
ith 1997—2000  (32.4%  vs.  35.4%,  respectively;
 >  0.05).  Although  PIs  from  activities  such  as
ecapping  used  needles,  withdrawing  needles  from
ubber material,  and  placing  needles  into  dis-
osable  containers  and  PIs  that  occurred  after
eedle  disposal  showed  a decrease  in  frequency
n 2004—2008  compared  with  1997—2000,  this
ecrease was  not  statistically  signiﬁcant  (P  >  0.05).
he frequency  of  PIs  while  restraining  patients
nd between  multi-step  procedures  showed  non-
igniﬁcant  changes  in  2004—2008  compared  with
997—2000  (P  >  0.05).
iscussion
reventing  and  eliminating  PIs  using  multiple
odalities, including  education,  is  a  priority  in  our
nstitution. The  strength  of  this  study  is  that  it  is  the
rst one  from  Saudi  Arabia  to  show  a  reduction  in  PIs
ue to  organized  and  consistent  educational  efforts
y an  infection  control  department  in  a  tertiary
are hospital.  Throughout  the  two  study  periods,
urses and  physicians  reported  the  highest  frequen-
ies of  PIs  of  all  HCWs,  which  can  be  explained
y their  higher  numbers  compared  with  other  job
ategories  in  our  health  care  facility.  However,  PI
ates by  job  category  provided  different  ﬁgures:
hlebotomists and  respiratory  therapists  had  the
ighest rates  of  PIs.
Multiple  studies  have  reported  a decline  in PIates after  implementing  multifaceted  approaches,
ncluding education  [16—21].  Other  studies  have
tated that  education  plays  a major  role  in  aug-
enting  knowledge  and  promoting  safe  behavior
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Table  3  Frequency  of  PIs  at  KAMC-R  in  2004—2008  compared  with  1997—2000  by  location,  type  of  sharp  device
and  HCW  activity.
1997—2000  2004—2008  P-value
n  %  n  %
By  location
Patient’s  room 100 27.5  181 50.6  <0.001
Operative  or  recovery  room  50  13.7  65  18.2  0.105
Outpatient  clinic  27  7.4  33  9.2  0.381
Clinical  laboratory  12  3.3  17  4.7  0.321
ED  45  12.4  12  3.4  <0.001
ICU  50  13.7  12  3.4  <0.001
Other  location 80  22.0  38  10.6  <0.001
Total 364  100.0  358  100.0
By  type  of  device
Disposable  syringe  110  30.3  124  34.6  0.205
Needle  on  IV  line  16  4.3  5  1.4  0.017
Winged  steel  needle  IV  set  17  4.7  9  2.5  0.120
IV  catheter  34  9.3  3  0.8  <0.001
Other  needlea 60  16.5  75  20.9  0.124
Lancet  40  11.0  5  1.4  <0.001
Suture  needle  31  8.5  10  2.8  0.001
Scalpel  21  5.8  14  3.9  0.246
Other  deviceb 35  9.6  113  31.6  <0.001
Total  364  100  358  100
By  activity  of  HCW
During  use  of  device  129  35.4  116  32.4  0.346
While  restraining  patient  9  2.5  10  2.8  0.802
Between  multi-step  procedure  19  5.2  20  5.6  0.848
While  disassembling  device/equipment  23  6.3  7  1.9  0.003
While  recapping  a  used  needle  24  6.6  20  5.6  0.553
While  withdrawing  needle  from  rubber  material 14  3.8  8  2.2  0.201
Device  left  inappropriately 45 12.4  21  5.9  0.002
Other,  after  use  and  before  disposal 22 6.0  65  18.1  <0.001
While  putting  item  into  disposal  container 23 6.3  16  4.5  0.261
After  disposalc 22 6.0 18  5.0  0.533
Other  timesd 34 9.0 57  15.9  0.009
Total 361 100  358  100
PIs, percutaneous injuries; KAMC-R, King Abdulaziz Medical City Riyadh; HCW, healthcare worker; ED, emergency department;
ICU, intensive care unit; IV, intravenous.
a Vacuum tube blood collection needles, unattached hypodermic needles, spinal needle, central line needles, arterial catheter
needles, drum catheter needles and others.
b Glass vacuum tubes, glass specimen tubes, other glass items, razors, scissors, staples, steel sutures, and wires.
c Stuck by item protruding from disposal container or item protruding from trash bag or inappropriate container.
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mong  HCWs  [17,24—27]. Our  study  concurred  with
hese studies  and  found  a  signiﬁcant  decrease  in
any PI  rates  and  frequencies  after  the  implemen-
ation of  an  educational  program  for  HCWs.  We
bserved  a  signiﬁcant  decrease  in  the  overall  rate
f PIs  among  HCWs  during  the  post-intervention
eriod. The  greatest  decline  was  observed  among
urses  and  housekeepers.  This  ﬁnding  is  in  agree-
ent  with  the  study  by  Zafar  and  colleagues,  in
hich a  major  decrease  in  PIs  was  observed  after
n intervention  program  among  nurses  [21].  It  is
t
h
m or near disposal container, item pierced side of disposable
ot  fully  understood  why  nurses  and  housekeepers
howed a more  signiﬁcant  decrease  in  PIs  than  other
roups. In  contrast,  some  studies  have  found  either
o effect  or  an  increase  in  PIs,  which  may  be  due
o an  increase  in  awareness  and  reporting  [28,29].
Regarding  PIs  by  location,  the  frequency  in  both
he ED  and  ICUs  showed  a signiﬁcant  decrease  after
he educational  intervention,  which  may  be  due
o strict  supervision  and  concentration  on  these
igh-risk  areas  by  the  infection  control  depart-
ent and  the  hospital  administration  [30].  The  only
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signiﬁcant  increase  in  the  frequency  of  PIs  by  loca-
tion in  our  facility  during  the  post-intervention
period  was  in  patient  rooms,  which  may  be
attributed to  the  expansion  of  the  hospital  during
the study  period.
Most sharp  devices  involved  in  PIs  showed
a declining  frequency  in  the  post-interventional
period after  the  educational  program,  either  sig-
niﬁcantly,  as  for  needles  on  IV  lines,  IV  catheters,
lancets and  suture  needles,  or  insigniﬁcantly,  as
for winged  steel  needle  IV  sets  and  scalpels.  These
results  reﬂect  the  importance  of  the  educational
program as  a  preventive  tool.  Only  disposable
syringes showed  a  mild  and  insigniﬁcant  increase
in involvement  in  PIs,  which  could  be  due  to  the
greater  use  of  this  device  compared  with  other
sharp devices.
PIs caused  by  inappropriately  discarded  devices,
which occurred  frequently  in  our  facility  during  the
pre-interventional  period,  as  recognized  by  a pre-
vious article  [30],  showed  a  signiﬁcant  decrease
after the  educational  interventional  program.  PI
frequency among  devices  after  their  use  and  before
disposal  did  not  change  signiﬁcantly  in  the  post-
intervention  period.  These  PIs  may  be  reduced
in our  facility  by  introducing  safety-engineered
devices.  The  use  of  safety  devices  has  reduced
the frequency  of  PIs  in  many  developed  countries
[31—33].
In spite  of  the  improved  rates  and  frequencies
of PIs  after  the  educational  program,  our  study  has
some limitations:  ﬁrst,  this  study  did  not  address
the under-reporting  of  PIs  [30,34];  second,  it did
not discuss  the  turnover  of  the  hospital  staff  during
the studied  periods;  third,  it  did  not  determine,  in
most instances,  why  some  health  care  categories,
some clinical  locations  and  some  activities  were
affected  more  than  others;  and  fourth,  we  could
not calculate  the  rates  per  device  or  per  frequency
of device  use  because  we  did  not  have  the  necessary
denominator information.
In  conclusion,  the  educational  intervention  pro-
gram in  our  facility  that  was  launched  in  2001
has had  a  positive  impact  in  terms  of  reducing
the overall  rates  of  PIs  among  HCWs,  reducing  the
rates among  nurses  and  housekeepers,  decreasing
PI frequency  in  the  ED  and  ICUs,  decreasing  the  fre-
quency of  PIs  in  the  use  of  needles  on  IV  lines,  IV
catheters,  lancets  and  suture  needles  and  decreas-
ing PI  frequency  in  some  HCW  activities  associated
with the  use  of  sharp  devices,  such  as  during  the
disassembly  of  sharp  devices  and  their  inappropri-
ate disposal.  No  signiﬁcant  effect  was  observed
for other  HCW  categories,  other  hospital  locations,
other  sharp  devices  and  other  HCW  activities  asso-
ciated with  sharp  devices.K.  El  Beltagy  et  al.
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